Abstract. An integral for the Debye scattering formula is given which is valid for any dimension n ≥ 2.
The Debye scattering formula in n = 3 dimensions
The Debye scattering formula (also called Debye scattering function) is of fundamental importance for X-ray diffraction in disordered materials and can be found in many textbooks on diffraction [1, 2] . It is based on the assumption that the distance vector r i,j between two atoms i and j takes on any orientation in space for an amorphous material.
The tip of r i,j lies on the surface of a sphere of radius r i,j = r i,j . In the totally disordered case the surface density f (r i,j ) of the tip is constant along the surface, that is f (r i,j ) = 1.
The contribution of r i,j to the diffraction pattern is obtained from integrating f (r i,j ) over the entire surface of the n-sphere. If f (r i,j ) = 1 and the sphere is of dimension n = 3, then the classical Debye scattering function results (see the entry for n = 3 in table 1).
If the material is not totally disordered, then f (r i,j ) will not be constant any more.
This case had been examined in previous papers [3, 4] . In the present paper we assume that f (r i,j ) = 1 but n can take on arbitrary integer values n = 2, 3, 4, . . .. We will give an integral from which the explicit form of the Debye scattering formula for given n can be calculated.
2. An one-dimensional integral over the surface of the n-sphere
We consider an n-dimensional euclidian coordinate system E n . Within E n let f (a) be a continuous real-valued function where a is a n-dimensional vector in E n . Blumenson [5] gave a simple formula for the integral F(a,n) of f (a) over the surface of the n-dimensional sphere of radius r with the origin as center. With a = a as the length of a and with φ as the angle between the vectors a and r we have
For f (a r cos(φ), r 2 ) = 1 one gets from (1) the surface area of the n-sphere, that is (2π n/2 /Γ(n/2))r n−1 . We have to choose the suitable function f (k, n) in order to derive the n-dimensional Debye scattering formula F (k, n) where k is the scattering vector.
The contribution of r i,j to the diffracted intensity I(k, n) depends on the scalar product
. Furthermore, we have to normalize the integral by the volume of the n-sphere. We therefore have for the n-dimensional Debye scattering function F (k, n)
The integral (2) can be solved using a computer algebra program. Care must be taken for the case n=even, in which one sets the upper integration limit equal to π/2 and subsequently multiplies the resulting integral by the factor 2. The solution of (2) is the n-dimensional Debye Scattering formula (3). With J(i, x) as the i-th Bessel function of 
Examples: Scattering functions for some simplexes
The intensity I(k, n) scattered by an atomic assembly in n dimensions depends on its 
As a first simple application of (2) we give in figure 1 
Conclusion
The n-dimensional Debye scattering formula has been derived from a simple onedimensional integral. Admittedly, applications for the cases n > 3 are not known yet, but n=3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
we do not want to rule them out. Higher-dimensional X-ray crystallography is common for the description of scattering by quasi-crystalline phases. Perhaps higher-dimensional X-ray crystallography will extend to the description of non-crystalline phases, too. * Table 1 . The Debye scattering formula for the dimensions n=2,. . . ,8
Dimension n
Debye scattering formula F (k, n) n = 2 J(0, k r ij ) (5) n = 3 sin(k r ij ) k r ij (6) n = 4 2J(1, k r ij ) k r ij (7) n = 5 3(sin(k r ij ) − k r ij cos(k r ij )) k 3 r 
